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SYNOPSIS Ueno underground station of the Shinkansen is a large scale underground station construct-
ed in relatively stable diluvial layers. The construction was conducted with elaborated comparative 
designing, and with carefully controlled measurements referring estimated values, because data about 
design and construction of this kind of large underground station are rare. Primary estimations are 
qualitatively in good agreement with actual measured values, while quantitatively they do not agree 
well with the actual values. But the accuracy of the method of estimation will be increased in the 
future when more data about earth pressure of stable grounds are accumulated. Behavior of a dia-
phragm underground wall as a temporary structure, changes in groundwater level and displacement of 
the bottom of excavation are described in this paper. 
INTRODUCTION 
Both Tohoku and Joetsu Shinkansens start from 
Omiya station, but the railway between Omiya 
and Ueno is now beeing constructed and Ueno 
station, which is located between omiya and 
Tokyo, will be the terminal of both the Shin-
kansens in near future. Ueno is located at 
the center of Tokyo area, and structures are 
crowded on the surface and underground. In ad-
dition to this condition, because of the large 
scale of the station 48 m wide, 30 m deep and 
840 m long as shown in Fig. 1, 2 and the rare 
examples of execution, the preliminary examina-
tion and the execution have been carefully done 




in particular. Main points of the examination 
are as follows. 
Because there are many structures adjacent to 
the station, and because the depth of excava-
tion is large, a diaphragm underground wall 60 
em thick were used as a retaining wall and it 
was also used as a main structure due to econo-
mic requirements. In order to decrease the 
lateral displacement of the wall, the inverted 
construction sequence method was employed. In 
this method, middle columns are constructed 







Ueno station for Shinkansen 
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Fig. 1 Longitudinal Section of and around Ueno Station 
• The numbe~s l-18 indicate platform number. 
TP; Standard means sea level of Tokyo Bay. 
Fig. 2 Cross Section of Ueno Underground Station and Existing Platforms 
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Fig. 3 Outline of Execution Sequence 
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Fig: 5 Soil Profiles at Points where Gages 
were Set 
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take loads of slabs which are executed from 
top to bottom. The procedure is shown in 
Fig. 3. 
The data which have already been obtained in 
excavation of relatively stable layers were 
rearranged to determine the earth pressure ii 
design and the behavior of the temporary mem· 
bers of the station was predicted by step-by· 
step method. 
Because the station was large and its design 
was based on various assumptions, execution 
control was carried out with elaborate meas-
urement system of as much as 2,200 measuring 
points. 
In this report, the method of estimation is 
described and the primary estimation is com-
pared with the actual measurements. 
GEOLOGICAL CONDITION 
Fig. 4 shows a longitudinal soil profile, an< 
Fig. 5 shows soil profiles and N-values of 
three measured cross sections around the lef1 
end, the center and the right end of the sta· 
tion. The constitution of soil layers diff~ 
along the railsay. (a) in Fig. 5 shows the 
soil depo~its and the soil properties of the 
part adjacent to the wall which measuring de· 
vices were set on and is referred to here. 
A sand layer with N-value of 20 - 40 lies be· 
neath the surface soil and an alternation of 
thin silt and sand layers and a silt layer 
with N-value of about 15 lies under this saru 
layer. Below the silt layer there is an al-
ternation of strata of silt and sand, and th~ 
a sandy gravel layer with N-value of more th< 
50 follows. As shown in Fiq. 4, there are t1 
groundwater levels above and below the lower 
silt layer. The groundwater level in the 
lower sandy gravel layer has recovered rapid 
ly by recent restriction of water pumping. 
METHODS OF DESIGN AND ESTIMATION 
Diaphragm underground wall, struts and earth 
anchors as temporary structures are designed 
with the reaction force, bending moment and 
shearing force calculated under the conditior 
that the wall as continuous beam is supportec 
at the supporting members and hypothetical 
underground fulcrums. Moreover, each member 
is checked by calculation using the elasto-
plastic method, which can easily follow the 
sequence of execution. Here, the designed 
values obtained step by step from the elasto· 
plastic method are called estimated values o: 
behavior at each stage of excavation. 
Step-by-Step Method of Calculation 
Earth pressure acting on the back of the walJ 
is determined at each stage of excavation anc 
on the excavated side, the sum of the earth 
pressure generated with displacement of the 
wall and the earth pressure at rest is con-
sidered with an ultimate earth pressure of it 
peak value. The supports are considered as 
spring ones. The model of structure and the 
load-reaction pattern are shown in Fig. 6. ~ 
basal differential equation of an elastic beam 
in elastic range under the bottom of excavation, 
that is, in the range in which the ultimate earth 
pressure is not reached, is expressed as the 
following equation. Transfer matrices are con-
sidered at points where load and reaction are 
discontinuous, or at points where struts, earth 
anchors or slabs are set. 
EI d~y + kBy - p 
dx 4 
0 (1) 
where,E: young's modulus of wall body 
I: moment inertia of wall 
y: displacement at x 
p: load at x 
k: coefficient of lateral soil reaction 
B: width of wall body 
The values actually used are as follows: 
Bending stiffness of wall EI: 176 MN·m2 
Spring constants of strut: 32.5 MN/m 
Spring constants of earth anchors (5 steps): 
12.3, 22.4, 16.3, 22.4, 16.3 MN/m 
Spring constants of slabs (except the lowest 
slab): 2.94, 1.47, 1.96, 1.47 GN/m 
Width of wall B: 1 m 
on earth anchors, 80% of the calculated reac-
tion is added as preload. 
Earth Pressure and Soil Properties 
Japanese National Railways have usually been 
using triangular or trapezoidal distribution 
of earth pressure. However, because it is in-
adequate to apply the existing design earth 
pressure to the case like Ueno station, which 
is large and where diaphragm underground walls 
are used, the old data obtained in Japan were 
rearranged, to determine the design earth pres-
sure on the back of wall as shown in Figs. 7 
and 8. In the case of an alternation of strata, 
earth pressure of each layer is determined as-
suming the earth pressure distribution of the 
ground which consists of one kind of soil. On 
the excavated side, the sum of earth pressure 
at rest and the reaction generated with d~~ 
ment, a peak value of which is Coulomb's passive 
earth pressure in sandy ~oil and Rankinels pas-
sive earth pressure in clayey soil, was taken. 
Coeff~cients of lateral soil reaction of walls 
become unreasonably much smaller than those of 
piles when they are calculated by the ordinary 




at rest wall 
Structure model Load-reaction pattern 
Fig. 6 Model and Load of Calculation 
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wall, and therefore, these values of coeffici-
ent of lateral soil reaction cannot be used in 
the step-by-step calculation method. The co-
efficient k was estimated with measured dis-
placement of wall and earth pressure on the 
excavated side, as using the following equation. 
p = Ko·Yt·z + k·o 
Therefore, 




where, k coefficient of lateral soil reaction 
p measured pressure on the excavated 
side 
K0 : coefficient of earth pressure at rest 
yt: wet unit weight of soil 
z depth from the bottom of excavation 
o : measured lateral displacement of wall 
Fig. 9 shows the relationship between calculated 
coefficient k, displacement o of clayey ground, 
and unconfined compressive strength qu. The 
same arrangement could not be done on data of 
sandy soil because of the small number of data. 
However,the coefficients of lateral soil reac-
tion were determined following almost the same 
idea as the clayey soil. In sandy soil, a half 
of internal friction angle was used as an angle 
of wall friction. The internal friction angle was 
obtained from triaxial tests or standard pene-
tration tests. Soil properties are shown in 
Fig. 5 (a). The coefficient of total earth 
pressure at rest of clayey soil on the back of 
the wall, which is shown in Fig. 7, was taken 
as K0 = 0.8. The coefficient of earth pressure 
at rest on the excavated side was taken as 
K0 = 1 - sin~ both in sandy and clayey soils. 
D 
2.0m Earth pressure 
at rest 
First excavation 
ko' Coefficient of 
earth pressure 
at rest 
"{t: Wet unit weight 
C : Cchesion 
D : Depth of excavation 
After first excavation 
Fig. 7 Simplified Distribution of Lateral 
Pressure (Cohesive Soil) 
MEASUREMENT FOR CONTROL 
construction works were controlled with as r£lll<:h 
as 2,200 measuring points both on temporary and 
permanent structures. As shown in Fig. 10, 
differential transformer type earth and water 
pressure cells of which the diameters were 30 em 
and 20 em respectively, Carlson type reinforce-
ment bar gages and strain gage type inclino-
meters were set on the diaphragm underground 
walls, and strain gages were set on struts. 
Earth and water pressure cells, which were at-
tatched to steel plates, were set with hydrau-
lic jacks. These devices were attatched to re-
inforcement cages of diaphragm underground wall, 
and then the cages were settled down in slurry. 
When the cages reached the designed position, 
the steel plates on which earth and water pres-
sure cells were attatched were pushed to the 
wall of the trench by the jacks with pressure 
of 1.96- 2.94 kN/m 2 • Then, concrete was cast 
and excavation was started nine months later. 
In this period, earth pressure showed a change 
from the initial static water pressure distri-
bution to the complicated earth pressure dis-
tribution immediately before the excavation as 
mentioned later. 
To measure the rebound of the excavated ground, 
potentiometric gages were set in the bored holes 
at the time of 8 m deep excavation and the fix-
ed point was set at the bottom of a bored hole 
120 m deep. Shallow and deep observation wells 
were adopted to measure the change in the upper 
and lower groundwater levels. On account of 
such many measuring points and the necessity, of 
a rapid examination of the structural members, 
self-registering apparatuses were used and the 
recorded values were analysed with the aid of a 
computer system. 
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Fig. 8 Simplified Distribution of Lateral 
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Fig. 10 Gages on the Diaphragm Wall 
COMPARISON OF MEASURED AND CALCULATED VALUES 
Earth Pressure 
(a) in Figs. ll(a) - 15(a) shows values of 
measured earth pressure, average values of 
measured water pressure, backward earth pres-
sure which was used in the initial estimation, 
reaction generated by displacement of the 
wall body and sum of this reaction and earth 
pressure at rest on the excavated side. The 
steps 1 - 5 correspond with the steps 2, 5, 
7, 9 and 11 in Fig. 3, respectively. The 
values were obtained from the earth pressure 
cells set on both sides of the wall. The 
estimated backward earth pressure in each 
stage corresponds relatively well with the 
measured values until step 2. However, in 
step 3 the estimated values become larger 
than the measured ones above the bottom of 
excavation, and they become smaller below 
the bottom. This tendency continues until 
step 5 where, a line linking the points which 
show average values of measured earth pressure 
before excavation and a line showing the ul-
timate earth pressure are shown simultane-
ously. The earth pressure at the end of the 
excavation is about 1/2 of the earth pressure 
before excavation, and it is almost the same 
as the Coulomb's earth pressure in the upper 
sand layer . 
On the other hand, the difference between 
measured and estimated values of earth pressu 
on the excavated side is large around the sur 
face of excavation. Fig. 16 shows the earth 
pressure on the excavated side changing with 
distance from the bottom during the excavatio 
The earth pressure starts changing at about 1 
m below the bottom of excavation both in sand 
and clayey soils and it becomes close to the 
Coulomb's passive earth pressure at the point 
1.5 - 3.5 m from the bottom in sandy soil. I 
clayey soil, although lateral pressure in-
creases remarkably as distance from the botto 
decreases, it does not reach the Rankine's 
passive earth pressure at the bottom of excav 
tion. 
Displacement of Wall 
Displacement of the wall is shown in Figs. 11 
(b) - lS(b). Calculated values take the maxi-
mum at the top of the wall in step 1, and this 
is probably because the time of the actual 
insertion of support was different from the 
design. In step 3, because of the large esti-
mated earth pressure, the maximum estimated 
displacement is twice as much as the measured 
value. In step 5, the estimate'd displacement 
of the wall near the bottom of excavation is 
very large comparing with the measured value. 
The value close to the measured displacement 
was obtained, when the calculation was made 
using the load based on the measured value 
and the same coefficients of soil reaction. 
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Bending Moment of Wall 
Bending moments of the wall are shown in Figs. 
ll(c) - lS(c). Measured and calculated values 
do not correspond well each other, and some 
moments have different signs on the walls at 
both sides. 
Slab Reaction 
Measured values are compared with calculated 
values in Fig. 17. Estimated values of earth 
pressure and displacement were larger than 
measured values and consequently calculated 
values of slab reaction were about twice as 
large as measured values. 
lb) Di!iplacement {cJ Bel'ldinq moment 
Fiq. 11 Comparison of Measured Values with Calculated Values (Step 1) 
Fig. 12 Comparison of Measured Valued with Calculated Values (Step 2) 
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(e) Bending moment 
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Fig. 17 Slab Reaction 
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Displacement at the Bottom of Excavation 
Estimation for displacement at the bottom of 
excavation was not made, because the inverted 
construction sequence which genera~es many 
different kinds of load difficult to predict 
were employed. Measured values are shown in 
Fig. 18 where (a) shows vertical displace-
ment around the bottom of the last excavation, 
(b) that at 4.5 m below the bottom, and (c) 
that at 14.5 m below the bottom. The dis-
placement gages were set at the time of 8 m 
deep excavation, and the maximum displacement 
of about 7 mm occurred upward near the bottom 
of the final excavation with 20 m of excava-
tion after setting the gage. Displacement 
was very small at 14.5 m below the bottom of 
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fc) Elevation - 41.7 m 
Fig. 18 Vertical Displacement of Soil Near 
the Bottom 
Groundwater Level 
Because estimation for groundwater level was 
not made either, only measured values are 
shown in Fig. 19. While the upper groundwater 
level lowered 3 - 5 m during the construction, 
the lower groundwater level in the sandy gravel 
layer has risen at the rate about 4 m/year. It 
had already been estimated at the time of in-
vestigation on old data that groundwater re-
covery would be quick in the sandy gravel layer 
near the construction site of Ueno underground 
station and this recovery of groundwater level 
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Fig. 19 Change in Groundwater Level 
CONCLUSION 
The points mentioned above are summarized as 
follows. 
1) Availability of design earth pressure and 
calculation methods used in this report had 
been confirmed by applying to existing examples 
of small and middle scale construction, while 
the result of application to the construction 
of Ueno underground station, which is large and 
has complicated ground conditions, was not good 
from the view point of quantitative prediction 
of behavior. This was caused by the tendency 
to take larger values of earth pressure in 
design. The predicted earth pressure was pro-
posed for the design of temporary structures, 
and so concentration of earth pressure at the 
time of construction and other factors had al-
ready been considered at the time of design. 
In future, if measurements of earth pressure 
especially in this kind of stable ground are 
accumulated and more suitable estimation for 
earth pressure is possible, this method of 
estimation will become more useful as "Rank A" 
method of estimation. 
2) The initial effective earth pressure coef-
ficient immediately before the excavation, or 
nine months after the cast of concrete,was about 
about 0.4 in the upper sand layer which was 
close to the value of 1 - sin$. The coefficient 
of the total earth pressure of the cohesive 
layer below the sand layer was about 0.4 and 
this is smaller than the estimated coefficient. 
The coefficient of effective earth pressure of 
the lower gravel layer was about 0.25. 
3) Earth pressure on the back of the wall 
changed with the excavation. The earth pres-
.sure of the upper sand layer decreased close 
to the Coulomb's active earth pressure when 
the depth of excavation was 16.5 m n~ely when 
the maximum displacement of the wall was only 
about 10 rom. Only small changes occurred with 
the excavation after that, and the final earth 
pressure almost corresponded with the Coulomb's 
active earth pressure. The earth pressure of 
354 
cohesive layer also decreased with the ex-
cavation, and the final earth pressure was 
about a half of the initial one. 
Dispersion of earth pressure values in the 
lower gravel layer was relatively large, al 
the earth pressure became larger than the : 
tial value with the excavation. 
4) Earth pressure on the excavated side s· 
ed to change, when the distance between an 
earth pressure cell and the bottom of exca• 
tion became about 10 m. The earth pressur• 
the upper sand layer near the bottom of ex• 
tion was close to the Coulomb's passive ea: 
pressure, and the earth pressure of cohesi• 
layer near the bottom of excavation was sm• 
than 80% of the Rankine's passive earth pre 
5) The maximum displacement of the wall W< 
rom at the time of the final excavation. Tl 
is 0.05% of the final depth of excavation, 
it indicates that the restraint effect by · 
inverted construction sequence method work• 
well and as a result, stress in the wall g• 
ated with the construction was small. The: 
fore a diaphragm underground wall can be u: 
as a permanent structure without any probl• 
6) The maximum moment of the wall was abo, 
176.4 kN·m, which was about a half of the • 
culated value. Dispersion of moments of ~ 
left and right walls were large, and signs 
moments differed in many measured parts. 
7) The maximum amount of rebound of the b• 
of the final excavation was 6. 5 mrn, and all 
no vertical displacement occurred 14.5 m b• 
the bottom of the final excavation. 
8) The rate of groundwater level recovery 
the lower gravel layer was higher than exp• 
The groundwater level rised 15 m for four • 
half years after measurement started. How• 
because the recovery to the upper sand lay• 
had been estimated in the design of the lo, 
slab and in the examination on stability o: 
underground station, there has been no prol 
From now on, in order to accumulate useful 
for this type of construction, measurementl 
be continued, and synthetic examinations Ol 
underground station will be done with the l 
ured values not only of the temporary stru• 
but also of the main structures. 
